Introduction
A number of studies have found that immigrants arrive in a country in better health than the population of the host country and labelled the idea the "healthy immigrant effect", hereafter HIE (Bruce Newbold, 2005; Gushulak, Pottie, Roberts, Torres, & Desmeules, 2011; Kennedy, Kidd, McDonald, & Biddle, 2015; Mcdonald & Kennedy, 2004) . Evidence supports the theory of a self-selection in that immigrants are also healthier than the population of the country they left (Kennedy et al., 2015; Riosmena, Kuhn, & Jochem, 2017) . With time spent in the host country, immigrants' health deteriorates to become similar to that of the local population (Gushulak et al., 2011) . Researchers have hypothesized that the deterioration reflects an acculturation process whereby immigrants take cultural characteristics and behavioral habits of the non-immigrant host population (Gotay, Reid, Dawson, & Wang, 2015) . The relationship between the acculturation and health is not clear either. The lifestyle changes within the acculturation process can differ between men and women (Gotay et al., 2015) . Immigrants may take lifestyle habits that either hinder their health, such as being more sedentary, or eating more processed food, or lifestyle habits that benefit their health, such as reducing their tobacco consumption (Gotay et al., 2015) . There is stronger evidence supporting the former than the latter.
Immigrants also face numerous barriers in accessing health care services and in obtaining quality care, which could contribute to the decline of their health (Guruge, Birpreet, & Samuels-Dennis, 2015; Scheppers, van Dongen, Dekker, Geertzen, & Dekker, 2006) . Even in countries, such as Canada, where immigrants theoretically have the same access as the non-immigrant population through universal health insurance they tend to show lower health literacy, inability to navigate the system, difficulty understanding how and where to obtain services or the inability to adequately communicate in the local language. This could hinder immigrants' capacity to benefit from health care services received (Guruge et al., 2015; Ahmed et al., 2016; Geltman et al., 2014; Kalich, Heinemann, & Ghahari, 2016; Ng & Omariba, 2014; Tsai & Lee, 2016) . There is also evidence that immigrants receive lower quality care, an example of which are lower rates of retinopathy screening after a type 2 diabetes diagnosis (Lovshin & Shah, 2017) . Immigrant women in Canada and in the U.S. were less likely to receive preventive cancer screening than non-immigrants of their host countries (Echeverria & Carrasquillo, 2006; Lofters, Moineddin, Hwang, & Glazier, 2010) .
The duration of the HIE is up for debate from studies showing a rapid decline even within two years (Newbold, 2009) , to others suggesting that there is transmission to the next generation (Kwak, 2016) . For instance, immigrants with diabetes in Canada were found to be at a lower risk for cardiovascular events compared with long-term residents, and the effect persisted for at least 10 years after their arrival (Okrainec, Bell, Hollands, & Booth, 2015) . The evidence does suggest that the protective effect diminishes over time Ng, Sanmartin, & Manuel, 2016; Sohail et al., 2015) .
Part of the decline in immigrants' health is attributed to a lower utilization of health care services. In the US, immigrants had lower medical expenditures and utilization of the emergency department than US-born citizens (Tarraf, Miranda, & González, 2012; Tarraf, Vega, & González, 2014) . Another study found that cancer patients who were immigrants had significantly fewer physician visits than US-born patients (Wang, Wilson, & Chen, 2017) . Asian immigrants had a lower utilization of health care services compared to US born Asian Americans (Ye, Mack, Fry-Johnson, & Parker, 2012) . In Canada, immigrants were found to have a lower hospital utilization than Canadian at birth residents, with variations depending on the country of origin (Ng et al., 2016; Ng, Sanmartin, Tu, & Manuel, 2014) . In Spain, in comparing with the local population, one study reported hospital utilization to be lower for immigrant males but higher for immigrant females. Rué et al., (2008) . In other studies, utilization of prescription drugs, primary and specialized hospital and emergency care were all lower in immigrants than in the non-immigrant Spanish population (Buron, Cots, Garcia, Vall, & Castells, 2008; Cots et al., 2007; Gimeno-Feliu et al., 2013; Gimeno-Feliu et al., 2016) . Others, after adjusting for case-mix, found higher utilization of diagnostic tests and emergency services among immigrants, suggesting that lower utilisation found elsewhere could be driven by lower health care needs -or the HIE (Calderón-Larrañaga et al., 2011) . In Australia, immigrants were more likely to use the hospital emergency room because they did not have a regular general practitioner (GP) or access to a family doctor (Mahmoud, Eley, & Hou, 2015) .
The HIE is not equal for all immigrants upon arrival and varies across countries of origin and host countries and so does their utilization of health care services Diaz, Mbanya, Gele, & Kumar, 2017; Marie Norredam et al., 2004) . For instance, immigrants to Western European countries were at similar risk of ischemic heart disease as the local population (Sohail et al., 2015) . Immigrants to Denmark had a higher emergency room (ER) utilization if they were from Somalia, Turkey and ex-Yugoslavia, but a lower ER utilization if they were from another European country (Marie Norredam et al., 2004) . In a Swedish study, higher health services utilization was specifically associated with organised violence in the country of origin (Hjern, Haglund, Persson, & Rosn, 2001) .
Some studies also examined the effect of speaking the language of the host country. One study of immigrants in Canada and the US found that not being able to speak English was associated with lower access to care (Lebrun, 2012) . In Australia, speaking another language than English was associated with a lower utilization of services (Mahmoud, Hou, Chu, & Clark, 2013) .
Most studies examining hospital utilization use data from all admissions. Yet many of these admissions are for acute care and may not reflect the general health of an individual (for instance trauma from an accident), their habits or a degradation of their health for lack of access to quality ambulatory services. No study has investigated the relationship between immigration characteristics and hospitalizations that are considered preventable, i.e. hospitalization for ambulatory care sensitive conditions (ACSC) (Billings et al., 1993; Roos, Walld, Uhanova, & Bond, 2005) . The ACSC hospitalization rate for people between 18 to 75 of age is used as an indicator of access and efficacy of primary care services (Ansari, Laditka, & Laditka, 2006; Laditka, Laditka, & Probst, 2005; Rosano et al., 2012) . Adequate primary care physician supply and long-term relationship between primary care physicians and patients were associated with lower rates of hospitalizations for ACSCs in high-income countries (van Loenen, van den Berg, Westert, & Faber, 2014) . In Canada, the indicator is used as a measure of the performance of the health care system and the list of ACSCs includes only chronic conditions. The list of conditions included in the ACSC indicator varies from country to country, in part reflecting characteristics of the local health care system. In Canada, the hospital remains the usual place of care for a number of acute conditions that may be treated in specialized facilities elsewhere. Yet, the definition of the indicator has been validated through expert groups and used in other studies to measure health system performance in Canada (Roos et al., 2005; Laberge, Wodchis, Barnsley, & Laporte, 2017) .
The objective of this study is to estimate the effect of immigration on having an ACSC hospitalization in Canada. More specifically, we aim to identify and test how different immigration factors, acculturation (which we measure with the time spent in Canada), ethnicity, and languages could affect ACSC hospitalizations among immigrants, compared to the Canadian at birth population. Given evidence of the healthy immigrant effect, we hypothesize that immigrants will be at lower risk of an ACSC hospitalization, particularly when they are newly arrived. We hypothesize that immigrants' health status will decline with time spent in Canada, which will translate in reducing the gap with the Canadian population on the risk of an ACSC hospitalization. We also hypothesize that immigrants from countries that are culturally more similar and where the population may have a lifestyle and daily habits that are most like those of Canadians at birth will have a similar risk of an ACSC hospitalization. In contrast, immigrants from countries where eating and other habits are healthier than those of Canadians at birth will be at a lower risk of an ACSC hospitalization. The effect of not speaking an official language is expected to be associated with lower risk of hospitalization. For principal applicants in the economic category, Canada uses a points-based system that credits proficiency in an official language. Even though spouses and other family members may not have a very good level in an official language, nor might immigrants from other categories such as family and refugee entrants, the majority of immigrants do speak English or French, which could differ from countries that do not have such a criterion in the selection of immigrants. Canada also offers free language classes for immigrants to support their integration, including their integration to the labour market. Lack of proficiency in a host country's language is a barrier to economic and social integration. Not speaking an official language could also be a sign of limited acculturation. Overall, despite potential barriers for immigrants to accessing quality primary care, we suggest that the risk of an ACSC will be lower in immigrants, reflective of a better health status.
Methods

Data sources
Data from the Statistics Canada 2006 long form census were linked to the Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD), which contains hospitalizations data. The DAD contains comprehensive hospitalization information such as the reason for admission, the admission date, the hospitalisation duration, and the hospital location. The census form is distributed to all dwellings, with one respondent expected to answer for him/herself as well as for all other occupants of the dwelling. It is available in English and French, the two official languages of Canada. It collects date of birth, sex, marital status, relationship to respondent and mother tongue data. The census covers the entire Canadian population, including Canadian citizens (by birth and by naturalization), landed immigrants, and nonpermanent residents. The long form was distributed systematically to every fifth dwelling to cover 20% of dwellings. The long form of Statistics Canada's 2006 census contains additional individual characteristics including the highest level of education attained, immigration status, before and after tax income, languages spoken, and current residency (the long form was eliminated in the following Census and hence could not be used here). Data from the census goes through a thorough process of error detection, editing and imputation to ensure completeness and validity. When an answer is missing, the imputation process includes inferences from responses to other questions. Statistics Canada reports an under-coverage rate of 2.8% and an overall response rate of 96.5%.
Study population
The study population consisted of all Canadian citizen and landed immigrant respondents of the 2006 census long form, aged 18 to 75 inclusively, with the exclusion of respondents from the province of Quebec for whom the data linkage to the DAD was not possible. We excluded non-permanent immigrants, i.e. people claiming refugee status and holders of a student or work permit. Applicants to permanent residency must go through a medical exam. Canada's criteria in the selection of immigrants includes health status whereby a candidate must not only be free of a disease that could represent a public health risk, but also, free of a disease that could represent an overwhelming burden. This criterion does not apply to those claiming refugee status.
Measures
Outcome
The outcome was a binary variable of whether the respondent had an ACSCH over the three-year period starting April 1 st 2006 and ending March 31 st , 2009. We used the definition of an ACSC hospitalizations from CIHI, which limits ACSCH to seven chronic conditions: angina, asthma, congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), diabetes mellitus (DM), grand mal status and other epileptic conditions (hereafter referred to as epilepsy), and hypertension (Sanmartin, Khan, & LHAD Research Team, 2011) . This definition has also been used in other Canadian studies on ACSC hospitalizations (Laberge et al., 2017) . ACSC hospitalizations were identified in the DAD using the diagnosis codes of the International Classification of Diseases version 10 (ICD-10).
Immigration
We identified three characteristics of immigration: acculturation, ethnicity, and capacity to speak an official language. Immigrants were defined as residents born in another country without having Canadian citizenship at birth, excluding foreign workers and people with working/student visas.
We measured acculturation with the time -in years -that an immigrant had been living in Canada, as well as the first generation born in Canada of immigrant parents. We defined four mutually exclusive groups: recent immigrants having lived in Canada for up to 5 years, immigrants with 6 to 10 years in Canada, immigrants having lived in Canada for at least 11 years, and Canadian-born children of immigrants.
We measured ethnicity based on the respondent's place of birth (POB). We used the classification made by Statistics Canada which defines 12 ethnic origins groups: Other North American; Caribbean; Latin, Central and South American; European; Western European; Northern European; Eastern European; Southern European; Other European; African; Arab; West Asian; South Asian; East and Southeast Asian; Oceania.
We used questions on languages spoken to identify whether immigrants were able to communicate in at least one of the official languages of Canada, i.e. English and French. Although there are no details as to the level, the question asks specifically about the "ability to carry a conversation".
Other explanatory
We controlled for the individual's sex (binary), age (continuous and squared), highest education level attained, income, marital status (binary), and rurality (binary). We grouped levels of education into four categories: 1-no degree, 2-high school diploma or equivalent, 3-nonuniversity post-secondary degree or some university; 4-university degree. We used self-reported after-tax income to create quintiles from all the respondents' income data, and we used income quintile 1 as the lowest.
Statistical analyses
We produced descriptive statistics for each population group and conducted t-test to determine whether observed differences were significant. We conducted logistic regressions with clustering based on the province to determine the effect of immigration factors on the risk of an ACSC hospitalization. Our generic model was defined as: We had four categories to measure acculturation: three of the time the respondent lived in Canada (up to 5 years, 6 to 10 years, and over 11 years), and the fourth was being a child of immigrants. We created immigration categories for each combination of acculturation and ethnic origin (except for children of immigrant), and a binary variable for whether the immigrant could communicate in an official language.
The variable "Canadian at birth" excluded children of immigrants. We also conducted separate regressions on each of the health conditions and present the results in Appendix A.
The analyses were conducted using Stata, version 14 at the Quebec inter-University Centre for Social Statistics (QICSS) at Université Laval. Results on number of observations are rounded to the closest 50 th as per guidelines from Statistics Canada on this linked dataset.
Results
The study population contained 3,342,450 individuals, which corresponds to the number of people who had filled the long-form version of the 2006 Census and who were aged 18 to 75. Respondent characteristics differed across groups depending on variables. Mean age was similar between Canadian born citizens and children of immigrants (43 years old). Immigrants had a higher mean age with the time spent in Canada.
Immigrants from European countries were on average older, particularly those from Western Europe (56 years old), while immigrants from West Asia were the youngest (38 years old). The proportion of males were just under 50% except in the group of immigrants who did not speak English or French where it was much lower at 36%. There were significant differences in groups on distributions of education levels and income quintiles. There are higher proportions of recent immigrants in the lower income quintiles but the situation reverses with time spent in Canada and children of immigrants are more likely to be wealthier. Education and income levels vary depending on the origin of immigrants. However, immigrants are generally more educated compared to the Canadian at birth population, except for those who do not speak one of the official languages, and those from Southern Europe. Immigrants who do not speak an official language and immigrants of Latin America and of Asia (West, South, and East) also have a lower income profile. Immigrants are less likely to live in rural areas Tables 1  and 2.  Table 3 shows the results from the logistic regression. Recent immigrants (up to 5 years in Canada) have significantly and consistently across all ethnic origins (except Oceanic and other countries), lower odds of an ACSC hospitalization, varying from 0.31 in immigrants from Western Europe, to 0.69 in immigrants from Arabic countries. Immigrants who have been in Canada for 6 to 10 years appear have odds significantly lower than Canadians at birth if they are from Caribbean, Southern, Western, and Eastern Europe, as well as from East Asia. Theirs odds are not significantly different if they are from Latin America, Northern Europe, Sub-Saharan Africa, Arabic countries, Western and Southern Asia, Oceanic and other countries. For immigrants who have been in Canada for 11 years or more, odds of an ACSC hospitalization are significantly lower except if they are from South Asia. Children of immigrants and immigrants who did not speak an official language had significantly lower odds of an ACSC hospitalization (AOR=0.89 and AOR=0.77, respectively). Higher education, higher income, and being married are associated with lower odds of an ACSC hospitalization. Being male, living in a rural area, and older age are associated with higher odds. The effect of these variables were consistent in regressions for each condition presented in Appendix A. However, there are differences in the effect of ethnic origin and acculturation for the different conditions.
We report results with robust standard errors. We tested with clustering at the provincial levels and the results did not change.
Discussion
The results show that there are significant differences between the groups of immigrants and that immigration characteristics affect the odds of an ACSC hospitalization, controlling for social, economic and demographic factors. The descriptive statistics and the results from the 
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logistic regression are consistent with the concept of HIE and reflective of Canada's immigration selection policies which favor healthy and educated immigration candidates. In fact, it has been stated that most migrants (> 90%) arriving in Canada report very good to excellent health and possess health characteristics that are equal or superior to those of Canadians at birth (Gushulak et al., 2011) .
Results from other studies suggest that the HIE dissipates over time. Gushulak et al., (2011; Newbold, 2009; Kwak, 2016; Okrainec et al., 2015; Ng et al., 2016; Sohail et al., 2015) Our results raise new questions about the potential narrowing of the health gap. Indeed, for immigrants from various origins, there is no significant difference when they have been living in Canada for 6 to 10 years. However, the gap widens again in some ethnic groups after the immigrants have lived in Canada for over 10 years. Even children of immigrants are less likely to have an ACSC hospitalization, compared to other Canadians at birth.
Although time spent in Canada may appear as a simplistic measure of acculturation, our descriptive statistics on socio-economic variables suggest that the process is happening through time in Canada. The acculturation process appears to be reflected in the distribution of immigrants across income quintiles. Recent immigrants may have difficulty finding employment relative to their level of education and having their diploma recognized (Frank, 2013; Fuller, 2015; Phythian, Walters, & Anisef, 2011) , which could explain the higher concentration of them in lower income quintiles. Yet such challenges may disappear overtime, and be reflected in the shift whereby immigrants who have lived in Canada for at least 11 years are less likely to be in low IQs compared to the Canadians at birth.
Immigrants are a very heterogeneous population. The descriptive statistics on immigrants by ethnic origin and the regression show that odds of an ACSC also depend on the ethnic origin of immigrants. A study found lower morbidity among Asian immigrants . Most of ACSC are chronic conditions for which incidence may be affected by combination of lifestyle habits as well as genetic and environmental factors. Immigrants from East Asia are the least likely to have an ACSC hospitalization (AOR=0.30 to AOR=0.46 for recent immigrants and immigrants over 10 years respectively) whereas odds for those from Oceanic and Other North American countries are only significantly different from those of Canadians at birth when they have been in Canada for at least 10 years (AOR=0.82 and AOR=0.85, respectively). The environment from which they come from is also similar to that of Canada and their lower odds after they have been in Canada for over 10 years is puzzling and could reflect different waves of immigration with distinct characteristics. The results showing lower odds for recent immigrants suggest that immigrants are in better health when they arrive in Canada. The additional results in Appendix A suggest that the prevalence of diseases may vary across ethnic origins. Only a few immigrant groups have significantly lower odds of a hospitalization for epilepsy, angina, or heart failure, where as the majority of immigrant groups have significantly lower odds of a hospitalization for COPD. For all diseases, most groups of immigrants who have been in Canada for 6 to 10 years do not have statistically different odds of a hospitalization. These could reflect a combination of genetic baggage and lifestyle habits that contribute to the developing such chronic conditions. A recent study in Australia on the prevalence of risk factors for cardiovascular diseases (CVD) such as smoking and overweight/obesity found that immigrants from Asia had fewer of the CVD risk factors, but they also noted a narrowing of the gap with acculturation (Guo, Lucas, Joshy, Banks, & Targher, 2015) . Another study in Ontario found that immigrants from South Asia were more likely than immigrants from Western Europe and North America to have diabetes (Creatore et al., 2010) . We note that immigrants who do not speak an official language have lower odds of an ACSC (AOR=0.77). These results could appear surprising given that not speaking a local language could be a barrier to accessing quality services (Ahmed et al., 2016) , to health literacy and to managing one's health. Wang et al. studied health services utilization among diabetes in British Columbia and Quebec and found that the ability to speak an official language among immigrants did not affect their utilization. Wang et al. (2012) Upon further analysis, we found that the group of immigrants who do not speak an official language is composed of immigrants whose ethnic origin is associated with the lowest odds of an ACSC hospitalization (and likely to be healthier) and of more recent immigrants.
Consistent with results from other studies, we found that the odds of an ACSC hospitalization decrease with higher income (Roos et al., 2005; Laberge et al., 2017) , and higher education level (Billings et al., 1993) . These odds are higher for men (Roos et al., 2005) and for people living in rural areas (Laberge et al., 2017) .
There are some limitations to our study. First, we did not have data on ACSC diagnoses or on prevalence of the conditions in the different population groups, nor do we have data on health status, which limits the interpretation regarding access to primary care services. We also do not know if there were differences between populations groups about having a primary care provider. Yet it is unlikely that immigrants would have better access (given the empirical evidence of the contrary). We cannot identify from our results the reasons behind the lower odds of ACSC hospitalizations nor can we infer causality between an acculturation process, presence of the diseases, and hospitalizations. However, the results do align with our expectations and support our hypothesis that immigrants to Canada are in better health than the Canadian at birth population.
Claimants of the refugee status were excluded from the study. This choice was made on the consideration that their refugee status suggests that they would be likely to be in poorer health. It would be interesting for future research to examine this specific population and changes in their health status with acculturation.
Finally, we identified ACSC hospitalizations through diagnoses listed in the discharge files, where there can be more than one ICD code, and the admission could be related to a combination of factors and of conditions. In a study conducted in Ontario, over 10% of the population with an ACSC diagnosis had at least 2 ACSCs (Laberge et al., 2017) . In a sense, combining the ACSCs together rather than examining them separately can better reflect potential multimorbidity.
Our results are aligned with the idea that immigrants to Canada are in better health than the population of Canadians at birth. Despite potential difficulties accessing care, which were not within the scope of our study, the healthy immigrant effect remains even into the next generation, although it does diminish over time, and in various ways depending on the ethnic origin. This effect appears to be in large part related to their country of origin and the lifestyle that have kept them healthy in their own country and that they maintain to a certain extent after immigrating to Canada.
Our results have important implications in the current context where immigration is in many countries a dividing issue, with arguments about the burden that immigrants could represent for health care systems. The findings suggest that immigrants have a lower utilization, at least in terms of ACSC hospitalizations. Rather than representing a burden, immigrants could be higher contributors to the health care system. Although they may also in the first years also have lower revenues and other morbidities not examined here. More research is needed to better understand how immigrants adapt and contribute to their host country, and the impact that such adaptation may have on their health services utilization.
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